In this paper, the influence of UV irradiation on surface properties of soluble block copolymer polyimide (SBC-PI) was investigated. The changes of topological and chemical properties of SBC-PI were investigated through water droplets test, dynamic force microscope (DFM) measurement, and X-ray photoelectron spectroscopy (XPS) analysis. Analysis results revealed that the surface properties of UV-irradiated SBC-PI film were changes from hydrophobic to hydrophilic without the increase of surface roughness, as a result from the generation of hydrophilic group. Through subsequent Cu electroless plating on selectively modified SBC-PI film, it was also demonstrated that the amount of electroplated Cu could be controlled by varying UV irradiation dose.
Introduction
Photosensitive polyimides (PSPIs) have been generally used in the fields of packaging of microelectronic devices such as printed circuit board (PCB) and large scale integrated (LSI) circuits due to their excellent thermal stability, chemical resistivity and low dielectric constant [1] [2] [3] [4] . In most PI patterning processes, polyimide precursor resin (polyamic acid) is patterned by photolithography, and it is cured at approximately 300 o C for the thermal imidization reaction [5, 6] . A problem of these processes was that film shrinkage (30~50 %) by thermal imidization reaction cannot be avoided [7, 8] . As a solution, photosensitive soluble polyimide block copolymer (SBC-PI), that is ink-like imidized polyimide, has attracted interest because it can be patterned without noticeable dimensional changes in film thickness and pattern dimensions [9, 10] . For an example, the fabrication of 3 μm-wide patterns with shrinkage less than 5 % was demonstrated in a recent study [11] .
There have been various copper metallization processes (e.g., electro and electroless-plating) on PI film. In most cases, one of challenges of such a process was to enhance the adhesion between the PI and metals (e.g., Cu, Ag, and Ni) because PI has hydrophobic nature [12, 14] . Surface modification using an UV light is a promising solution because it allows for the remarkable enhancement of adhesion between metals and PI without the increase of surface roughness [15, 16] . In a recent study, it was demonstrated that Cu patterns can be formed on PI surface by selective UV light irradiation and conventional plating [17, 18] . However, quantitative relationship between the dosage of UV-radiation (UV dose) and the surface properties has not yet been clarified. Furthermore, there has been no report regarding applicability of this technique to SBC-PI.
In this study, effects of UV irradiation conditions on topological and chemical properties of SBC-PI were investigated. The SBC-PI films were irradiated with the different UV exposure dose by varying the exposure time. Then, properties of modified PI surface were analyzed by water droplets test, DFM and XPS. Furthermore, selective surface modification of SCB-PI film using a Ni stencil mask was performed, and it was applied to an electroless Cu plating to evaluate the selectivity of copper deposition for the modified and unmodified SBC-PI.
Experimental

Surface modification of polyimide film
Photosensitive SBC-PI (Q-RP-X1149, PI R&D Co., Ltd) was used as a polyimide material for UV irradiation and electroless Cu plating. To fabricate SBC-PI samples, 24 μm-thick SBC-PI resin layers were spin-coated on 4 inch Si wafers and prebaked on a hot plate at 100°C for 4 min. After this, the samples were exposed to 365 nm UV light with the dose of 1200 mJ/cm 2 , and heated from room temperature to 200ºC with heating rate of 5 ºC/min. In order to modify the prepared SBC-PI film, a low-pressure mercury lamp (LP Hg lamp, EUV200WS-60L, Sen lights Co., Ltd) that emits two types of UV lights (253.7 nm and 184.9 nm wavelength) were used. UV light power density was measured at each distance from 1cm to 13cm by UV illumination meter (UVC-254, Lutron electronic enterprise Co., Ltd) to explore the relationship between dosage of UV dose and distance from lamp. Then cured SBC-PI film placed 10 cm below the LP Hg lamp in photo surface processor (PL16-110, Sen engineering Co., Ltd). Each sample was irradiated for a range of 5 to 900 sec at an atmospheric condition. Figure 1 shows the measured UV light power density and UV dose. Power density of UV light measured at 10 cm distant from the LP Hg lamp was about 7.5 mW/cm 2 . The effects of UV irradiation on polyimide surfaces were evaluated using a potable contact angle meter (PCA-1, Kyowa Co., Ltd), DFM, and XPS (PHI-5000, Versa Probe, Physical Electronics, Inc.). The electroless Cu plating was carried out using the selectively modified SBC-PI film. In order to irradiate UV light to selective area of SCB-PI film, a five-inch sized Ni stencil mask (Fig. 2 ) that having the line and square patterns with different sizes (from 10 to 1000 μm) was used. The fabrication process of Ni stencil mask is as follows. After photolithography of resist on stainless steel substrate, 1 mm thick Ni layer was deposited on the developed photoresist by Ni electroplating. Finally, the plated Ni layer (Ni stencil mask) was removed from stainless steel substrate. The fabricated stencil mask was put on the cured SCB-PI film, and UV light was irradiated at distance 10 cm from LP Hg lamp for 15 min (6750 mJ/cm 2 dose). Then pre-treatment processes were performed. The procedure of electroless Cu plating is shown in Table 1 . Commercially available solutions (purchased from Hitachi chemical Co., Ltd.) were used for pre-treatment and electroless Cu plating. The pre-treatment process for electroless Cu plating was consisted of four sub-processes including a) cleaning and conditioning, b) pre-dipping, c) catalyzing, and d) accelerating. Electroless Cu plating experiments were performed using a pre-treated SCB-PI film in electroless Cu plating bath for 15 min. Main chemical compositions of electroless Cu plating solutions are listed in Table 2 . After electroless Cu plating, the sample was heated using a hot-plate at 100°C for 30 min. The surfaces of achieved Cu layers were evaluated using a DFM. 
Results and Discussion
Modified polyimide surface properties
The changes of contact angles were measured by water droplets test as a function of UV dose. The contact angle of bare SBC-PI surface was 97.5º ( Fig. 3(a) ), indicating that it has a hydrophobic nature (i.e., low surface energy). As UV dose increases, contact angle of SBC-PI surface decreased gradually. When the UV dose was 6750 mJ/cm 2 , the measured contact angle was 11º, as shown in Fig. 3(g) . These results indicate that wettability of SBC-PI can be switched from hydrophobic to hydrophilic by controlling UV does. The relationship between the chemical state of SBC-PI surfaces and UV dose conditions was analyzed using a XPS. Figure  4 shows the wide scan XPS spectra which demonstrate the presence of C, O, Si, and N. The detection of Si 2p seems to be resulted from an inclusion of Si particles generated during cutting SBC-PI/Si substrate. With increasing UV dose, the atomic concentration of O 1s increased gradually, whereas the atomic concentration of C 1s decreased. The increase of atomic concentration of O 1s indicates that C-C bond was replaced by oxygen double bond as a result from ozonolysis reaction of ozone (O 3 ) or active-oxygen (O*) generated by UV-irradiation [19] . The N 1s and Si 2p did not change regardless of the increase of UV irradiation dose. Figure 5 shows the change of C 1s spectra of the SBC-PI surface in accordance with UV dose. In all cases, carbon-carbon bond (C-C, binding energy: 284.0-286.0 eV), hydroxyl group (-C-OH, binding energy: 286.4-286.7 eV) and carboxyl group (O=C-OH, binding energy: 288.0-289.4 eV) were detected. With the increase of UV dose, the photoemission intensity of the C-C bond decreased whereas that of the hydroxyl group and carboxyl group increased. From this result, it could be found that wettability switching of SBC-PI from hydrophobic to hydrophilic is resulted from the increase of hydrophilic groups (e.g., hydroxyl and carboxyl groups) by UV irradiation. Figure 6 . DFM images and roughness of SBC-PI surfaces before and after UV irradiation: (a) before UV irradiation (0 mJ/cm 2 ), (b) after UV irradiation (6750 mJ/cm
2 ) 300 Figure 6 shows the DFM measurement results of SBC-PI surface before and after UV irradiation with the doe of 6750 mJ/cm 2 . It was confirmed that the increase of surface roughness was not remarkable. The ten-point mean roughness (Rz) was increased from 2.352 nm to 3.412 nm. These results indicate that the surface properties of irradiated PI film modified from hydrophobic to hydrophilic surface without remarkable increase of surface roughness.
Electroless copper plating on selective modified polyimide film
The electroless Cu plating experiments were carried out using the selectively modified SBC-PI film to evaluate the possibility of application of selective surface modification to electroless Cu plating. Figure  7 shows the photograph and DFM topological measurement data of Cu patterns (50 μm line and spacing) plated on selectively modified SBC-PI surface. Electroless Cu plating was performed for 15 min with the Cu deposition rate of 20 nm/min. It was observed that a thicker Cu was deposited on the SBC-PI surface modified by UV-irradiation as compared with an un-irradiated PI surface. As shown in Fig. 7 , the Cu deposited on the modified SBC-PI was thicker than that deposited on a bare surface because more reducing agent (i.e. Pd) was absorbed to modified SBC-PI hydrophilic surface during pre-treatment for Cu plating.
Conclusion
The changes of topological and chemical properties of SBC-PI by UV irradiation were investigated. XPS results revealed that the chemical properties of SBC-PI surface showed strong dependence on UV dose. With the increase of UV dose, wettability of SBC-PI surface switched from hydrophobic to hydrophilic as a result from the increase of hydrophilic groups by ozonolysis reaction. Contrarily, the result of DFM measurement showed that roughening effect by the UV irradiation was negligible. Finally, it was demonstrated that the amount of electroplated Cu can be varied by the UV irradiation of PI substrate through the Cu electroless plating experiments on selectively modified SBC-PI film. 
